Background: The diagnostic criteria for asthma-chronic obstructive pulmonary disease overlap have not been unified. Different studies have used different criteria, and this has led to diagnostic inconsistencies. Methods: We collected data of patients who were older than 40 years and hospitalised because of chronic bronchial diseases. One hundred and seventy-one patients were included in this study. We compared seven different diagnostic criteria, examined their consistency, and analysed differences among groups classified with each set. Results: The prevalence of ACO ranged between 7.02 and 27.49% depending on the criteria applied. The patients who met the Soler-Cataluna et al. criteria also met the GesEPOC criteria. Rhee has proposed the strictest diagnostic criteria; hence, the number of patients who met these criteria was the smallest, and those patients also met the diagnostic criteria proposed by the other studies. We found that applying the different sets of criteria did not lead to the selection of the same population, while there were no statistical differences in age, disease duration, allergens, and inflammatory markers. Conclusions: The diagnostic criteria of ACO have not been unified, which hinders the design and progress of clinical studies that would investigate the ACO phenotypes and underlying mechanisms.
Background
Chronic obstructive pulmonary disease (COPD) is preventable, common, and treatable and is characterised by persistent respiratory symptoms and airflow limitation [1] . Asthma is a common, chronic respiratory disease, characterised by variable symptoms of wheezing, shortness of breath, chest tightness and/or cough, and by variable expiratory airflow limitation [2] . In some patients, chronic asthma cannot be clearly distinguished from COPD using currently available tests and techniques, and in those patients, it is assumed that asthma and COPD coexist. Asthma-COPD overlap syndrome [3] has been coined to acknowledge that this represents an overlap of common disorders causing chronic airflow limitation rather than being a distinct syndrome [4] . To avoid the impression that this is a single disease, the term ACOS is no longer advised; the descriptive term asthma-COPD overlap (ACO) may be more appropriate [2] . The prevalence rates of ACO range from 15 to 55%, with variation depending on sex and age [5] [6] [7] . The wide range may be due to the different criteria used by different investigators. The prognosis of ACO is often worse than that of asthma or COPD alone [8] , but the evidence for ACO treatment is very limited as few pharmacotherapy studies have examined this population. The different diagnostic criteria used in various regions and by different investigators might also limit the progress of ACO clinical studies. The diagnostic criteria of ACO have not been unified. Previous studies have used their own respective standards, so there was a lack of evaluation among the ACO patients screened by each standard. Our study compared the consistency among seven different sets of ACO diagnostic criteria proposed by previous studies to examine the clinical characteristics of patients screened by different standards, aiming to provide more clinical evidence for ACO diagnosis.
Materials and methods

Subjects
We collected data of patients who were older than 40 years and hospitalised because of chronic bronchial diseases (asthma or COPD) in Xinhua Hospital, from January 2017 to April 2018. The inclusion and exclusion criteria are shown in Table 1 . One hundred and seventyone patients were included in this study. The study was approved by the ethics committee of Xinhua Hospital, and informed consent was secured from the participating patients.
Data collection
Clinical data included general information (name, sex, age, age at onset, family history, smoking history), laboratory tests (routine blood test, eosinophilia in sputum, immunoglobulin E, arterial blood gas, allergen detection, and inflammatory factors), pulmonary function tests, disease condition in the past year, and medication use.High IgE meaned IgE > 100 IU/ml, high FeNO meaned FeNO > 25 ppb, elevated sputum eosinophil meaned eosinophil > 1.01% [9] . In order not to omit COPD patients, we equated exposures of noxious particles or gases over 10 years, such as tobacco smoke, air pollution, and occupational exposures to smoking history.
Diagnostic criteria
Our study compared the consistency among seven different sets of ACO diagnostic criteria proposed by previous studies, including the GOLD in 2016 [10] , Spanish COPD Guidelines (GesEPOC) [11] , Soler-Cataluna et al. [12] , Marsh et al. [6] , Kauppi et al. [5] , Louie et al. [13] , and Rhee [14] (Table 2 ) .
Statistical analysis
SPSS was used for statistical analysis. To compare differences among groups, analysis of variance, chi-square tests, and the Kruskal-Wallis test were used for parametric continuous, categorical, and nonparametric continuous variables, respectively. P < 0.05 was considered statistically significant. Diagnostic consistency was calculated by kappa testing, and kappa coefficients were assessed as follows: 0.01-0.40: slight agreement; 0.41-0.70: moderate agreement; 0.71-0.99: high agreement.
Results
The data of 171 participants were analysed. The sample was 68.4% male and had a mean age of 67.5 years. In total, 115 cases (67.3%) had a history of smoking. Full details are shown in Table 3 .
Seven sets of ACO diagnostic criteria
The prevalence of ACO in chronic airway diseases ranged from 7.02 to 27.49% ( Table 4 ). The patients who met the Soler-Cataluna et al. criteria also met the GesEPOC criteria. Rhee has proposed the strictest diagnostic criteria; hence, the number of patients who met these criteria was the smallest, and those patients also met the diagnostic criteria proposed by the other studies ( Fig. 1 ).
Consistency comparison among the seven sets of ACO diagnostic criteria
The GesEPOC diagnostic criteria were most consistent with those proposed by Soler-Cataluna et al. (Kappa = 0.84, P < 0.0001). The Marsh et al. criteria were moderately consistent with the other sets of diagnostic criteria, while the criteria proposed by Rhee were poorly consistent with those proposed by the other studies (Kappa < 0.4 in all but one case) ( Table 5 ).
Clinical characteristics of the patients with ACO based on the seven sets of diagnostic criteria
There were significant differences in sex, smoking history, and lung function (increase in forced expiratory volume in one second (FEV1) and FEV1% after bronchodilation) among the diagnostic criteria. However, we found no statistical differences in age, disease duration, positive results of allergens, and inflammatory markers (such as interleukin (IL)-2, IL-6, IL-8, tumour necrosis factor, and fractional exhaled nitric oxide) ( Table 6 ). 
Discussion
Most previous studies of airways diseases have excluded patients with ACO [15, 16] . We collected data of 171 patients who were older than 40 years and had chronic bronchial diseases. After comparing seven sets of diagnostic criteria, examining their consistency, and analysing differences among groups, we found that the different sets did not lead to the selection of the same population.
Based on the lung function test definition of ACO alone, many patients with asthma or COPD could be considered to have ACO. Thus, a narrower and more accurate definition of ACO is needed in clinical practice. Some experts have suggested a definition of ACO based on both lung function and on clinical features [12] . However, a specific definition for ACO cannot be confirmed until more evidence becomes available regarding its clinical phenotypes and underlying mechanisms.
According to GOLD [10] , clinicians should diagnose chronic airways disease first, estimate the syndromic diagnosis of asthma, COPD, and ACO; perform spirometry testing, and then commence therapy to estimate the therapeutic effect and confirm the diagnosis; additional specialised investigations should be performed if necessary. There is no specific numerical standard in GOLD, and it relies more on clinical symptoms and clinical judgment. Therefore, the GOLD are more descriptive of ACO. GOLD highlights the significance that the Meet the definitions of COPD and meet more than one of the following:
• Post-bronchodilation increase in FEV ≥ 15%
• Peak flow variability ≥20% during 1 week of testing • Physician diagnosis of asthma in conjunction with current symptoms or inhaler use in the preceding 12 months.
Kauppi et al. [5] Meet the definitions of COPD and meet more than one of the following:
• Post bronchodilator increase in FEV1 of ≥12%;
• Bronchodilator response of ≥15% or diurnal variation of ≥20% in PEF;
• Moderate to severe bronchial hyperreactivity;
• Decrease in FEV1 of ≥15% in the exercise test.
Louie et al. [12] Major criteria:
• A physician diagnosis of asthma and COPD in the same patient;
• History or evidence of atopy; • Elevated total IgE; • Age 40 years or more, smoking > 10 pack-years;
• Post bronchodilator FEV1 < 80% predicted and FEV1/FVC < 70%; Minor criteria:
• Post bronchodilator FEV1 increase ≥15% or ≥ 12% and ≥ 200 ml increase in FEV1
Rhee [13] At least one of the spirometric criteria for asthma (positive for bronchodilator response test; positive for provocation test) and at least two of the clinical criteria for asthma (history of asthma before the age of 40 years; elevated sputum eosinophil or FENO; history of allergic disease) and spirometric criterion for COPD (post FEV 1/FVC < 0.7) and clinical criterion for COPD (Smoking > 10 pack years) therapeutic effect has for diagnosis and does not rely on a single medical record, while the therapeutic effect was rarely mentioned in the other studies [5, 6, [11] [12] [13] [14] . This renders this method more comprehensive, but it may also require a greater degree of subjective clinician input, leading to diagnostic inconsistencies and hence, it cannot be readily established as a standard. The GesEPOC [11] and Soler-Cataluna et al. [12] criteria shared the most similarities. The GesEPOC criteria are relatively broad, and thus the patients who met the Soler-Cataluna et al. criteria also met the GesEPOC criteria. The common feature of these two sets of criteria are the high requirements regarding the bronchodilator test. Both sets of criteria require a very positive bronchodilator test (major criterion; increase in FEV1 ≥ 15% and ≥ 400 ml) and positive bronchodilator tests on two or more occasions (minor criterion; increase in FEV1 ≥ 12% and ≥ 200 ml). While the criteria proposed by the other studies mostly require one positive bronchodilator test. This might be the reason why these two sets had poor consistency with the criteria proposed by the other studies.
The The Rhee diagnostic criteria are the most stringent, stating that the patients should meet the spirometric and clinical criteria for asthma and the spirometric and clinical criteria for COPD [14] ; the criteria proposed by the other studies only required patients to meet some of these to receive an ACO diagnosis. Consequently, the fewest patients were diagnosed with ACO based on the Rhee criteria, which led to the worst consistency between this set and the other sets of criteria. However, the patients who meet the Rhee criteria might be considered to have true ACO. Without a firm definition of ACO, it is not possible to perform high-quality clinical trials. Thus, Rhee contested that a narrow definition of ACO, which includes both asthma and COPD diagnoses, was needed.
In order to delineate the clinical characteristics of the patients selected by each diagnostic method, we statistically compared the groups. It was found that there was a significant difference in lung function, especially in increase in FEV1% and in FEV1. This might be in line with the GesEPOC [11] and Soler-Cataluna et al. [12] criteria, which require a very positive bronchodilator test. In addition, sex and smoking history were also statistically different among the groups. Some diagnostic criteria used smoking history as a major criterion while others as a minor criterion, and most of the smokers in the sample were male, which may have led to the significant differences. No differences were found in inflammatory factors and other biomarkers. Differences in biomarkers may be related to underlying mechanisms and phenotypes [17] [18] [19] . The diagnostic criteria examined here can only be used to diagnose ACO, and at present, there are no methods to diagnose the ACO phenotypes; further research is needed to this end [2] .
The small sample and our single-center design limited the results of our study. We enrolled only patients with hospitalization. Many stable chronic airway disease patients without history of hospitalization were not Table 6 Clinical characteristics of ACO patients GOLD [9] (n = 43) GesEPOC [10] (n = 47) Soler-Cataluna et al [11] (n = 37) Marsh et al [6] (n = 46) Kauppi et al [5] (n = 31) Louie et al [12] (n = 22) Rhee [13] included. This is indeed one of the shortcomings of our research. At the beginning of the study design, we also considered to include stable chronic airway disease patients of outpatient department into our study. However, most of those patients have incomplete examination data, and it is difficult to be included in the statistics. So finally we decided to enroll only patients with hospitalization. Additionally, our study was cross sectional and it did not involve follow-up observation of the clinical characteristics and treatment effects in our patients. Our team plans to follow up the patients in a prospective study, aiming to advance the search for the most appropriate diagnostic criteria for ACO and its phenotypes.
Conclusions
The diagnostic criteria of ACO have not been unified, and the diagnostic methods used in different studies lead to diagnostic inconsistencies. Furthermore, these methods cannot be used to diagnose the ACO phenotypes and to study the underlying mechanisms. As a future research direction, our team plans to follow up on the clinical characteristics and treatment effects in these patients in a prospective study to propose some potential solutions.
Abbreviations ACOS: Asthma-COPD overlap syndrome; COPD: Chronic obstructive pulmonary disease; FEV1: Forced expiratory volume in one second; IL: Interleukin
